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Summary: Snow crystals, which form by vapor deposi-
tion, occasionally come in contact with supercooled cloud
droplets during their formation and descent. When this
occurs, the droplets adhere and freeze to the snow crystals
in a process known as accretion. During the early stages of
accretion, discrete snow crystals exhibiting [rozen cloud
droplets are referred to as rime. If this process continues,
the snow crystal may become completely engulfed in
frozen cloud droplets. The resulting particle is known as
graupel. Light microscopic investigations have studied
rime and graupel for nearly 100 years. However, the lim-
iting resolution and depth of ficld associated with the light
microscope have prevented detailed descriptions ol the
microscopic cloud droplets and the (hree-dimensional
topography of the rime and graupel particles. This study
uses low-temperature scanning electron microscopy to
characterize the frozen precipitates that are commonly
known as rime and graupel. Rime, consisting of frozen
cloud droplets, is observed on all types of snow crystals in-
cluding needles, columns, plates, and dendrites. The
droplets, which vary in size from 10 to 100 pm, frequently
accumulate along one face of a single snow crystal, but are
found more randomly distributed on aggregations con-
sisting of two or more snow crystals (snowflakes). The
early stages of riming are characterized by the presence of
frozen cloud droplets that appear as a layer of flattened
hemispheres on the surface of the snow crystal. As this
process continues, the cloud droplets appear more sinuous
and elongate as they contact and freeze to the rimed crys-
tals. The advanced stages of this process result in graupel,
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a particle 1 to 3 mm across, composed of hundreds of
frozen cloud droplets interspersed with considerable air
spaces; the original snow crystal is no longer discernible.
This study increases our knowledge about the process and
characteristics of riming and suggests that the initial ap-
pearance of the flattened hemispheres may result from im-
pact of the leading face of the snow crystal with cloud
droplets. The elongated and sinuous configurations of
frozen cloud droplets that are encountered on the more ad-
vanced stages suggest that acrodynamic forces propel cloud
droplets to the trailing face of the descending crystal where
they make contact and freeze.
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Introduction

For more than 100 years, scientists have observed and
photographed numerous types of precipitating snow crys-
tals with the light microscope (LM) (Bentley and Humph-
reys 1931, Magono and Lee 1966, Nakaya 1954). To help
characterize the basic shapes and to standardize the crys-
tal terminology, various classification schemes were pro-
posed (Bentley and Humphreys 1931, Hellman 1893,
Magono and Lee 1966, Nakaya 1954, Nordenskitld 1893,
Schaefer 1949). However, these authors described any-
where from 6 to as many as 80 different types of snow crys-
tals depending on which scheme was examined. To clar-
ify this confusion, international commissions were
appointed that have categorized newly precipitated snow
crystals into eight basic shapes or subclasses {Colbeck ef
al. 1990, ICSI 1954).

One of the most difficult subclasses to describe accu-
rately are atmospheric snow crystals, which initially form
by vapor deposition, but continue to grow by the accretion
of minute supercooled cloud droplets. Contact and freez-






